The average survival time of the embryos and the titer of the virus in eggs were computed in the same manner as for mice (see below).
Harvesting the contents of the eggs. The Scotch tape was removed, the area of shell over the artificial air space was lightly swabbed with a 5 per cent aqueous solution of phenol, and the shell was cut away with scissors to the level of the dropped membrane.
If only the embryo was to be removed, the chorioallantoic membrane was wrapped around a sterile glass rod and pulled to one side, the amnion was cut and the embryo was withdrawn with forceps. If the distribution of the virus throughout the egg was to be studied, the allantoic fluid was removed first-a 22-gauge, 1-inch needle attached to a 10 ml syringe was pushed through the chorioallantoic membrane into the allantoic cavity and the fluid was aspirated with gentle suction to avoid rupture of blood vessels. The chorioallantois was then cut away with scissors and set aside, and the amniotic sac with the embryo exposed; the amniotic fluid was collected in the same way as the allantoic except that a 25-gauge, '-inch needle and a 5.0 ml syringe were used. The embryo, freed of the membranes, was removed next and finally the yolk sac was taken out.
Preparation and titration of infectious material. Material obtained from eggs inoculated with the same virus preparation or virus dilution was pooled by tissues. Chorioallantoic membranes were washed in three changes of physiological salt solution, drained, weighed, and triturated in a mortar with alundum; sufficient 10 per cent normal sheep-serum broth was added during the grinding to make a 20 per cent suspension. Suspensions of yolk sac were similarly prepared.
Embryos were washed once in a large volume of physiological saline, weighed, and made into a 20 per cent suspension by weight by grinding in a chilled Waring blendor in cold 10 per cent nornal sheep-serum broth or buffered saline.2
Tissue suspensions were centrifuged for 20 minutes at 3,500 rpm in an international electric centrifuge equipped with an angle head. The supernatant fluid obtained was drawn off and added to an equal volume of the same diluent used for the preparation of the suspension; this represented a 1 X 10-1 virus suspension from which 10-fold dilutions were made by serial transfer of 0.3 ml into 2.7 ml amounts of the same diluent used for the suspension.
All titrations were done in Albino Swiss mice of 40-60 days of age. Each virus dilution was inoculated into a group of 6 mice, the dose being 0.03 ml by the intracerebral route. The mice were examined daily for 10 days to record the number of animals sick or dead. The average survival time (A.S.T.) was calculated, on the basis of a 10-day observation period, according to the method devised by Dr. J. A. Kerr and described by Bugher (1940) , and the virus titers were computed by the 50 per cent mortality end point method of Reed and Muench (1938) .
Egg passages were initiated by inoculating 9th-passage mouse-brain virus into 12 eggs; 6 eggs each were inoculated on the membrane with virus dilutions 10-8 and 10-9. Twenty-four hours later all the embryos inoculated with the 10-8 dilution were found dead, and on removal from the shell it was observed that practically the entire body surface of each embryo was hemorrhagic. Of the embryos inoculated with the 10-9 dilution, the movements of 2 were markedly slowed; all 6 embryos were harvested, pooled, and a 10 per cent. suspension in serum broth was prepared and inoculated into another lot of eggs.
Because of the rapidity with which the virus produced death in the embryos, the following technique was adopted, beginning with the 3rd passage. Each day the eggs inoculated on the preceding day were candled, and if it was found that some of the embryos were dead, or sick (sluggishness of movement), all the living embryos were harvested. If none of the embryos appeared sick on the first examination, the eggs were returned to the incubator and re-examined every 15-30 minutes. As soon as the movements of at least one of the embryos was observed to have become sluggish, the entire lot of embryos was harvested and passaged to another lot of eggs. Passages were made within a few hours of harvesting the embryos, although in a few instances the embryos were kept in the refrigerator for 24 or 48 hours before being passaged. Dead embryos were always examined, but were not used for passaging. The virus was cultured through 58 generations by this technique. Some of the results obtained at different culture passage levels are shown in table 1, which indicates that the rapidity with which the virus killed the embryos depended on the number of mouse LD50 of virus in the inoculum. Thus, in passages 12 and 29, in which the inoculum contained large doses of virus, 3 embryos were found dead and 3 sick after 21 hours' incubation in passage 12, and 5 were found dead and 1 sick after 22 hours in passage 29. When small amounts of virus were used deaths among the embryos usually began to appear at about 25 hours postinoculation (e.g., passages 24 and 43).
In the last column of table 1 are shown the LD50 titers in mice of the virus at various levels of cultivation; it will be observed!that the differences in titer encountered were small and within the experimental error of the titration method, and that there was thus no indication that the virulence of the virus for mice by the cerebral route had been altered by 58 passages through the egg.
Rate of propagation of the virus in chick embryo. Forty-five eggs, after 9 days' incubation, were inoculated on the membrane with a 10-8 dilution of 14th egg passage virus. Intracerebral titration in mice of the virus suspension providing 12, 16, 18, 20, 22, 23, 25 , and 27 hours postinoculatilon; suspensions were made of the embryos immediately after their removal and titrated in mice by the intracerebral route. The results of the experiment are shown in figure 1.
It will be noted in figure 1 that no virus was detected in embryos tested during the first 8 hours after inoculation; all of the mice inoculated with the 10-1 suspension of embryos, the lowest dilution tested, surv'ived. Virus was first demonstrable at 10 hours postinoculation, when 3 of the 6 mice inoculated with -A^^ on October 25, 2017 by guest http://jb.asm.org/ Downloaded from the 10-1 suspension of embryos developed encephalitis and died. Between 10 and 22 hours the titer of the virus increased rapidly. The peak of multiplication was reached at about 22 hours postinoculation, after which the growth curve flattened out. The flattening of the curve is probably associated with the beginning generalized destruction of the embryo, since all 3 embryos harvested at 25 hours were definitely sick and hemorrhagic, while of the 3 harvested at 27 hours, 2 were dead and 1 was moribund.
Comparative titrations of virus in mice and chick embryos. The 50 per cent mortality method of computing titration end points recently has been shown to be practical with the viruses of Eastern and Western equine encephalomyelitis (Bang, 1943) , West Nile disease (Watson, 1943) , and vesicular stomatitis (Sigurdsson, 1943) , which regularly and uniformly kill chick embryos.
Since the Venezuelan virus also is highly lethal for chick embryos, a number of comparative titrations were made in mice and in eggs to ascertain which test animal, if either, was the more sensitive to the presence of the virus. Mouse passage virus was titrated in the first experiment and egg passage virus in the, subsequent experiments. Normal sheep-serum broth was used to prepare the tissue suspensions and to make the dilutions, except in the titration of embryo suspensions from the 28th and 36th passages, in which buffered saline was used in order to determine its effect on the virus. The eggs were inoculated on the mem--brane and the same virus dilutions were inoculated intracerebrally into mice immediately after inoculation of the eggs was completed.
The eggs were candled twice daily and the number of sick and dead embryos was recorded. Dead embryos were removed from the egg and examined to ascertain whether death was due to the virus or to nonspecific causes; since embryos succumbing to infection with the virus are of a purple color because of the numerous hemorrhages scattered over the body, this characteristic was used to distinguish specific from nonspecific deaths, which were excluded in the calculation of 50 per cent mortality end point titer of the virus and the average survival time of the embryos.
Both the titration end point and the A.S.T. in mice and in eggs were computed at the end of a 10-day observation period.
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33 § Mouse 5/5 6/6 6/6 6/6 1/6 0/6-0/6 8.60 8.88 4.17 4.50 9.88 10.00 10.00 10-8 .o Chick embryo 6/6 6/6 6/6 4/6 2/6 1.00 1.00 1.50 5.17 7.67 108.w 36t Mouse 6/6 6/6 4/6 2/6 2/6 0/6 1/6 8.88 4.00 8.17 8.88 9.00 10.00 9.88 107 .865 Chick embryo 6/6 6/6 4/6 3/6 1/6 For inoculation into the amniotic cavity, the method of Taylor and Chialvo (1942) was used. The virus suspension was aspirated into a 0.25 ml tuberculin syringe with a 2-inch 25-gauge needle, the air was expelled, and the needle was changed for another of the same size. The inoculum was placed into the base of the exposed amniotic sac. A fresh needle was used for each egg. Inoculation into the yolk sac was done under direct vision through a window in the shell, so that there was no doubt as to where the inoculum was placed. The needle was pushed through the chorioallantois into the yolk sac, and was quickly withdrawn as soon as the inoculum was delivered. To diminish insofar as possible contamination with the virus of tissues through which the needle was passed, the needle was changed for each egg.
After incubation for 21-24 hours, the contents of the eggs were harvested, pooled, etc., as described under Material and Methods, and titrated by intracerebral inoculation into mice. Table 3 shows that after inoculation onto the chorioallantoic membrane, the virus multiplied rapidly and was present in high concentration throughout the egg; the largest amounts of virus were present in the embryo and the chorioallantoic membrane and the smallest amounts in the amniotic fluid.
Inoculation into yolk sac also resulted in a generalized distribution of the virus, the highest concentrations being in the embryo, the chorioallantoic membrane and the yolk sac, in the order given, and the lowest in the allantoic and amniotic fluids. Eggs inoculated into the yolk sac usually survived several hours longer than those inoculated on the membrane.
Introduction of the virus into the amniotic cavity was more rapidly lethal'to the embryo than inoculation on the chorioallantois; embryos inoculated by the former route were found moribund or dead, despite the small dose of virus used, at 21 hours postinoculation. As shown in table 3, the embryos and the amniotic fluid contained the largest amounts of virus, the yolk sac the least.
Pathologic changes in the infected embryo.3 The pathologic changes produced in embryos by the Eastern and Western equine encephalomyelitis viruses have been described by Covell (1934), Higbie and Howitt (1935) , and Bang (1943) ; similar information on the changes brought about by the Venezuelan virus was considered desirable in order to compare the activity of these agents.
Twelve embryos, 10 days old, were inoculated on the membrane with a dilute suspension in serum broth of 37th passage chick embryo virus; the inoculum was equivalent to 60 LD50 of virus for the mouse. Another lot of 12 embryos was inoculated with serum broth as a control. The eggs were incubated and 2 eggs of each lot were examined for macroscopic and microscopic changes at 18, 20, 22, 24, 26 , and 28 hours after inoculation; the membranes and the embryos were fixed in Bouin's fluid and embedded in paraffin. Sections were stained with hematoxylin and eosin and by Mann's method.
The earliest change (18-22 hours) observed grossly on the membranes consisted of a small focus of beginning haziness, usually located in the center of the niembrane; the haziness increased with the time of incubation but never became very marked, and was accompanied by thickening of the membrane. At 24-26 hours definite edema of the membrane was present, and was most evident in the center of the membrane. In the final stages of infection, thrombosis and small scattered foci of hemorrhage were seen.
No pocklike lesions were observed, with or without vital staining with trypan blue (Cook and Blattner, 1942) . Microscopically, the mesodermal layer showed congestion and thrombi within the vessels, as well as scattered hemorrhages, and edema of varying intensity was always present. Marked edema appeared to be accompanied by necrosis of the ectodermal layer, while with slight edema there was sometimes a focal cellular proliferation of the ectodermal layer.
Embryos examined after 18-20 hours' incubation showed the presence of numerous small hemorrhages over the cranium and legs. As the infection progressed, the hemorrhagic spots increased in number and distribution, and the embryos took on a purplish hue; some of the embryos were distinctly edematous.
Microscopic changes in the embryos at 18 hours after inoculation consisted of congestion and a few scattered hemorrhages in the viscera. At 22-24 hours, hemorrhages in the subcutaneous and muscular tissues were widespread, and were numerous in the viscera, which also showed some thromboses. At 26-28 hours, when the embryos were moribund, the picture of hemorrhage and thrombosis had increased in intensity; in addition, occasional small foci of necrosis were seen in the liver and necrolytic changes were observed in the muscles. Capillary hyperemia and occasional minute hemorrhages were present in the brain.
Inclusion bodies were not found in any of the sections studied.
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